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Abstract 
Two commonly occurring and independent error patterns in children’s early 
speech are examined to determine how and to what extent they might interact. 
One error pattern replaces velar consonants with coronals, and the other replaces 
a coronal with a consonant that agrees in place of articulation with some other 
consonant elsewhere in the word. A range of interactions is observed within and 
across children with regard to whether the product of one error pattern can serve 
as the target of the other. The different interactions motivate different claims 
about the nature and substance of children’s underlying representations, which 
in some cases may differ from those of the ambient system. An extension to 
underspecification theory is advanced which allows underlying representations to 
be radically underspecified and in certain cases also to be specified for a default 
feature. 
Keywords: place assimilation, acquisition, phonology, error patterns. 
Introduction 
In the course of phonological acquisition (normal and disordered), children’s substi- 
tution errors often merge phonemic contrasts of the ambient system. Two presumably 
independent but potentially interacting types of error patterns have been observed. 
One type results in the simple substitution of an unmarked sound for a more marked 
sound. A typical example would include the replacement of stops for fricatives 
(stopping), of glides for liquids (gliding), or of coronals for velars (fronting) (e.g. 
Dyson, 1986; Ingram, 1989). In any one of these cases, then, the child’s error pattern 
would fail to distinguish between a marked and unmarked sound of the ambient 
system, possibly in all contexts, resulting in a superficial merger. The other type of 
error pattern is assimilatory in nature, resulting in the substitution of a marked 
sound for a less marked sound, but only in the context of another marked sound. 
A standard example of this is long-distance place assimilation, where an unmarked 
coronal consonant is replaced by a more marked labial or velar as a result of 
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3 20 D. A.  Dinnsen et al. 
assimilation with a segment elsewhere in the word ( e g  Chin, 1993; Cruttenden, 
1978; Donahue, 1986; Ferguson, Peizer and Weeks, 1973; Menn, 1971; Smith, 1973; 
Stoel-Gammon and Stemberger, 1994). Thus, the word ‘Tom’ might be realized as 
[pam] by regressive place assimilation, and the word ‘boat’ might be realized as 
[bop] by progressive assimilation. 
There is a potential for an interaction between these two types of error patterns 
when a process of the first type yields an unmarked segment that is a possible target 
of an assimilatory process of the second type. A particular instantiation of this 
would obtain if one error pattern replaced all velars with coronals and the other 
error pattern replaced coronals with labials when a labial occurred elsewhere in the 
word. The general issue is whether the product of one error pattern can be the target 
of another. Put in terms of these specific error patterns, do coronals resulting from 
fronting act as other coronals do with respect to long-distance place assirnilation? 
The purpose of this paper is two-fold: (a) to document how these two types of 
error patterns interact in different children’s sound systems, and (b) to consider the 
implications of such interactions for claims about children’s underlying representa- 
tions. Interacting error patterns are important to the issue of how children represent 
words underlyingly , especially in light of proposals regarding the (under) specification 
of phonological representations. Underspecification theory makes substantive claims 
about which features of a sound are specified underlyingly. All non-contrastive 
features are presumed to be underspecified, and within the particular framework of 
radical underspecification theory (e.g. Archangeli, 1988), even some contrastive 
features (usually the unmarked member of a contrast) are also underspecified. One 
claim of such a theory is that assimilations would typically derive from a process 
that spreads a specified feature to a target that is underlyingly underspecified for 
such a feature. The difference between specified and underspecified features results 
in certain predicted asymmetries in terms of which sounds can serve as potential 
triggers/blockers and targets of assimilation. Because underspecified features are not 
available to be spread, they cannot trigger or block assimilation. The underspecifica- 
tion of a feature does, however, render a segment vulnerable as a potential target 
of spreading. The presence of a specified feature makes it a possible trigger or 
blocker for spreading but an unlikely target. To illustrate the predicted asymmetries, 
consider the schematization in Figure 1. In Figure la, a specified feature [ + F] (the 
trigger) is available to be spread leftward to a segment which is underspecified for 
a feature on the same tier (the target). As a result of the spreading, two different 
segments share a feature to yield the effect of assimilation. In Figure I b, however, 
the spreading of a specified feature is blocked for lack of an underspecified target. 
Each segment is specified for a different feature on the same tier. 
By extending underspecification theory to an account of children’s substitution 
errors (both assimilatory and non-assimilatory), some claims can be made about 
how children represent and specify their sounds underlyingly. For example, those 
segments which are targets of assimilation would presumably be underspecified 
underlyingly for the assimilating feature. On the other hand, those segments which 
block as targets of assimilation would have to be specified for the relevant feature. 
With regard to place features, the evidence from fully developed languages alone 
would suggest that coronals are underspecified for place with the feature [coronal] 
filled in by default (Paradis and Prunet, 1991). Coronals should thus be vulnerable 
to assimilatory place errors as a result of their being underspecified for place. The 
observed non-assimilatory substitution of coronals for velars would also suggest 
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Figure 1. Triggerltarget asymmetries in assimilation: (a)  assimilation triggered by specified 
feature that can spread to underspecified target; (b )  assimilation blocked ij’ potential 
target is specified 
that [coronal] is the default place feature filled in by rule. That is, if a child does 
not distinguish between coronals and velars in his or her own production, there may 
be no need to distinguish them underlyingly, allowing them to be underspecified for 
place. If these undifferentiated and underspecified segments are moreover supplied 
with their place feature by default, an account is offered for the fact that the phonetic 
result is a coronal rather than some other place of articulation. Under such an 
account, non-assimilatory substitutions come about from a lack of differentiation 
at the underlying level of representation and not as a result of some feature-changing 
rule. On the other hand, assimilatory substitutions derive from a process that spreads 
a specified feature to an underspecified segment. In either case, the segment produced 
in error is underspecified underlyingly. 
While it is an empirical issue whether substitution errors do in fact derive from 
an underspecified representation, crucial evidence about the nature of children’s 
underlying representations is often difficult to come by. A long-standing and still 
unresolved issue in the characterization of developing systems has been whether or 
not children’s underlying representations are ambient-like. The issue arises for at 
least two reasons. First, children’s early speech production evidences a substantial 
reduction in the number or types of phonological contrasts compared to the ambient 
system, resulting (at least superficially) in a mismatch between the child’s system 
and the ambient system. Second, it is widely held that many children ‘know’ more 
phonologically than their production facts might suggest. Their presumed perceptual 
abilities are most often cited in this regard and suggest a further mismatch system- 
internally between perception and production. To accommodate both mismatches, 
some have suggested that children’s underlying representations may be ambient-like 
(e.g. Smith, 1973). Under this view, perceptual abilities are taken to more accurately 
reflect the substance of the child’s underlying representations, and the production 
facts derive from these representations by the application of rules of absolute 
neutralization. The general results from the abstractness controversy, however, call 
into question such abstract representations and rules (or their application), at least 
as regards fully developed systems (e.g. Kiparsky, 1976). Additionally, claims about 
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322 D. A. Dinnsen et al. 
children’s perceptual abilities must be regarded with caution. For example, the fact 
that a child may comprehend and even reliably identify two different words when 
spoken by others at best establishes only that the child recognizes some difference 
between those two words, but not necessarily between any other words and not 
necessarily in terms of the intended difference within the ambient system. This point 
is further corroborated by those studies that have found that some children weight 
acoustic cues of the ambient system differently from adult listeners (e.g. Nittrouer 
and Studdert-Kennedy, 1987). Additionally, even if perception were better than 
production for some children or with regard to some words, perceptual deficits have 
been observed and thus fail to support ambient-like underlying representations for 
all children or for all words (e.g. Kronvall and Diehl, 1954). In general, it is 
acknowledged that the many methodological difficulties associated with perceptual 
studies of children between the ages of 2 and 10 have yielded precious little informa- 
tion about children’s perceptual abilities (e.g. Barton, 1980). At the very least, then, 
claims about children’s underlying representations based on such information entail 
questionable rule types and are not as well supported as we might like. An alternative 
approach to the issue of children’s underlying representations has been to separate 
production from perception by postulating, for example, a dual representation or a 
‘two-lexicon model’ of grammar, with one representation incorporating information 
relevant to perception and a different representation incorporating information 
relevant to production (e.g. Menn, 1976; Spencer, 1986). While such a model 
admittedly raises other concerns about potential duplication, and about how the 
two representations might be related, it does at least allow for the possibility that 
information is organized, represented, and processed differently for production and 
perception tasks. It also sanctions a focus on the nature of representations of either 
type independent of the other. The greater availability of interpretable and reliable 
production data in the published case studies offers some advantages to a production 
orientation. Accordingly, the focus of this study will be on production facts with an 
attempt to determine the nature of the underlying representations relevant to produc- 
tion. As will be seen, such representations may also be relevant to the presumed 
perceptual facts. 
If the production facts reveal that coronals corresponding to velars can serve as 
targets of long-distance place assimilation, then it would appear that they must be 
underspecified underlyingly in the same way that the other coronals are. On the 
other hand, if the coronals corresponding to velars act differently from other coronals 
that do undergo assimilation, then there must be a place distinction specified under- 
lyingly. The precise nature of that distinction is a central concern of this paper and 
will be argued to further motivate a proposed extension to underspecification theory 
which allows the default value of a feature to be both underspecified and specified. 
This proposed extension was first put forward in Dinnsen (1993) as ‘shadow- 
specification’ to account for various other acquisition phenomena.’ Among those 
phenomena was the differential behaviour of phonetically merged segments. One 
example from that study found that while a child replaced fricatives with stops, only 
those intervocalic coronal stops corresponding to ambient stops could undergo a 
rule of glottal replacement. Coronal stops corresponding to fricatives could not 
Other phenomena in fully developed systems have motivated a similar proposal in terms of 
combinatorial specification within Grounded Phonology (Archangeli and Pulleyblank, 1994). 
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Interacting error patterns 323 
undergo the rule. Consistent with the child’s production facts, it was argued that 
this child had internalized two different kinds of stops. Some stops were underspeci- 
fied for the default feature [-continuant], and other stops were (shadow-) specified 
for that same feature. That distinction alone was sufficient to trigger the rule’s 
proper application to only some stops, and did not attribute to the child knowledge 
of fricatives, which never occurred in the child’s own speech. The theoretical and 
descriptive value of shadow-specification is further evaluated here by considering 
potential interactions of error patterns, especially those involving place features and 
assimilation. 
In the following three sections, three case studies from normally developing and 
phonologically disordered children are presented, each illustrating a different inter- 
action of the same two error patterns. In each case an account is argued for which 
assumes that some of the child’s underlying representations differed from those of 
the ambient system. The paper concludes with a consideration of the implications 
of these interacting error patterns for an alternative constraint-based theoretical 
framework and for their developmental and clinical relevance. 
Case study 1 
The two error patterns of interest were both evident in the speech of a phonologically 
disordered child, Subject 18 (age 4;3). This subject was selected from a larger archival 
study of children with functional (non-organic) speech disorders of a moderate to 
severe nature. Various aspects of the children’s phonologies from that study have 
been described elsewhere (e.g. Dinnsen and Chin, 1994; Dinnsen, Chin, Elbert and 
Powell, 1990). The data in (1) exemplify the two error patterns and their interaction 
at a single point in time prior to any clinical treatment. In (la), a process of long- 
distance progressive and regressive place assimilation is illustrated such that a coronal 
consonant was replaced by a labial when a labial consonant occurred elsewhere in 
the word. Forms such as those in (1 b) show that coronal consonants were produced 
correctly in initial and final contexts when a labial consonant did not occur in the 
word, and labial consonants were realized appropriately as labials independent of 
context. These coronals thus exhibited the expected behaviour of underspecified 
segments. That is, they were targets (but not triggers) of place assimilation, and 
they were realized correctly as coronals when a triggering [labial] feature was not 
present. The forms in (lc), however, show that some coronals resisted place assimila- 
tion, even though a labial consonant occurred in the word. The assimilation-resistant 
coronals were themselves the product of another error pattern, fronting, and corre- 
sponded with velars in the ambient system. As the forms in ( Id)  illustrate, velars 
were generally realized incorrectly as coronals. The forms in ( le) illustrate, however, 
that this fronting error pattern was not systematic; that is, some ambient velars did 
serve as targets of place assimilation. The relevance of this latter point will be 
considered in greater detail below. 
(1) Place assimilation asymmetries (Subject 18, age 4;3) 
(a) Progressive and regressive place assimilation 
[perp] ‘paint’ [paep] ‘pants’ 
[PUP1 ‘push’ [pupil ‘pushing’ 
[berp] ‘bathes’ [bwp] ‘belt’ 
[bup] ‘boot’ [bupi] ‘bootie’ 
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324 D. A.  Dinnsen et al. 
[PUP1 ‘SOUP’ [pupil ‘soupy’ 
[POPI ‘soap’ [popi] ‘soapy’ 
[bibwn] ‘zebra’ [pap] ‘sharp’ 
[PIP] ‘chips’ [ b ~ p ]  ‘jump’ 
(b) Coronals and labials realized appropriately 
[tit] ‘teeth’ [tero] ‘tail’ 
[dru] ‘deer’ [drt] ‘dish’ 
[it1 ‘eat’ [hat] ‘hat’ 
[PI1 ‘pig’ [par] ‘pie’ 
[pwe~] ‘play’ [br] ‘big’ 
[bn] ‘buzz’ [bwo] ‘blow’ 
(c) Assimilation blocked when coronal corresponded with velar 
[ badi] ‘baggie’ [p~di] ‘piggie’ 
(d) Ambient velars realized as coronals 
[ t ~ t ]  ‘cats’ [te~t] ‘cakes’ 
[ d ~ d i ]  ‘ducky’ [wat] ‘rock’ 
[de~t] ‘gate’ [dot] ‘goat’ 
[dadi] ‘doggie’ [~di] ‘Ziggy’ 
Some ambient velars targeted for assimilation 
[bap] ‘back’ [ brop] ‘milk’ 
[bup] ‘book’ [bupi] ‘book’ (dim.) 
[pap] ‘cabs’ [b~p] ‘gift’ 
[PAPI ‘CUP’ [pnpi] ‘cup’ (dim.) 
(e )  
These various effects do not appear to be attributable to the quality of an 
adjacent vowel. Note especially that both rounded and unrounded vowels occurred 
in cases of place assimilation, and rounded and unrounded vowels occurred in cases 
of fronting. The fact that some coronals were targets of assimilation, and others 
were not, suggests that these coronals were differentiated somehow underlyingly. At 
least two possible accounts present themselves. First, since the assimilation-resistant 
coronals corresponded with ambient velars, and since the targets of assimilation 
generally corresponded with ambient coronals, it might be tempting to account for 
this differential behaviour among coronals by postulating ambient-like underlying 
representations along with two extrinsically ordered rules. Specifically, the assimila- 
tion-resistant coronals ( Ic) would be postulated to be velars underlyingly with a 
specified [dorsal] feature, and the targets of assimilation would be postulated to be 
coronals that are underspecified for place. An underlying distinction would thus 
obtain between underspecified coronals and specified velars, and this distinction 
would be sufficient to allow the coronals (but not the velars) to uniquely undergo 
the assimilation rule, i.e. to be targets of place assimilation. A subsequent rule 
(fronting) would somehow then have to change velars into coronals after the place 
assimilation rule has had an opportunity to apply in a counterfeeding interaction. 
It is not crucial to the argument whether the fronting substitution comes about from 
a process that delinks the [dorsal] feature allowing [coronal] to be filled in by 
default, or alternatively from some feature-changing rule. Sample derivations of 
forms in (la) and (lc) are given in (2). Place assimilation is able to apply to the 
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coronal in (2aj, but fronting is inapplicable. In (2bj, the structural description of 
place assimilation is not satisfied at that point in the derivation, blocking its applica- 
tion. Fronting then applies, yielding a coronal. 
(2) Place assimilation ordered before fronting. 
(a) Sample derivation of forms in (la) 
/but + i/ ‘bootie’ 
bupi place assimilation 
- fronting 
[bupil 
(b) Sample derivation of forms in (lc) 
/pig + i/ ‘piggie’ 
- place assimilation 
pIdi fronting 
[PIdil 
There are several problems with this account. First, while the differential behavi- 
our of coronals suggests that the child internalized some difference between coronals 
and velars of the ambient system, it says nothing necessarily about what that 
difference might be in the child’s system. This, and the absence of a phonemic 
contrast in any context between coronals and velars in the child’s system, fail to 
provide any evidence that the child represented these coronals specifically as velars. 
The postulation of underlying segment types that never occur phonetically would 
thus be highly abstract. Additionally, as noted above, the substitution pattern for 
velars was not systematic, with some ambient velars ( l c j  resisting assimilation and 
other velars (le) showing effects of having undergone the assimilation. Since the 
operation of the assimilation rule was presumably limited to coronals, there would 
appear to be two possibilities for those words in (le). If the velars in those words 
were indeed represented as velars underlyingly, then the putative fronting rule would 
have needed to be ordered to apply before the assimilation rule in a feeding relation 
as shown in (3).  This, however, entails just the opposite rule ordering required for 
the other forms, resulting in an ordering paradox. 
(3 )  Fronting ordered before place assimilation 
/buk + i/ ‘book’ (dim.) 
buti fronting 
bupi place assimilation 
[ bupi 1 
The only real alternative to the ordering paradox is to assume that the ambient 
velars of those words in ( le) were represented incorrectly as coronals underlyingly. 
Thus, while the data in (1) motivate an underlying distinction, they do not motivate 
specifically the ambient place distinction, nor do they motivate the distinction for 
all the same words. The problem then is to arrive at an account that will distinguish 
the assimilation resistant coronals in ( 1 c) from those segments that undergo assimila- 
tion in (la) and (le) and to do so in a way that does not attribute to the child 
knowledge of contrasts that never appeared in the child’s speech. 
The solution to this problem is sketched in Figure 2. First, in Figure 2a, the 
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Root Root 
0 1= 
Place 
I 
[labial] 
Root Root 
I I 
Place Place 
Figure 2. Geometric account ofplace asymmetries: (a )  specified labial spreads to underspecified 
coronal; (b)  spreading blocked by shadow-specijied coronal. 
segments that were targets of place assimilation (1 a) and (le) can be assumed to be 
underspecified for place underlyingly. These underspecified segments then qualify as 
possible targets for the spreading of a place node from a segment specified as 
[labial]. The different behaviour of the assimilation-resistant coronals ( lc) requires 
an underlying distinction that is capable of blocking place spreading in these words. 
If these coronals were assumed to be specified in some way for place, spreading 
would be blocked on principled grounds for lack of a target. The real issue then 
becomes what the specified place feature is. There are, of course, many possible 
diacritic feature markings that might be used, but all are arbitrary. If, on the other 
hand, the distinguishing feature were restricted to a phonetically interpretable place 
feature that is also consistent with the child’s production facts, then the minimally 
necessary non-arbitrary place specification would have to be the feature [coronal]. 
This, however, would entail the specification and underspecification of the same 
feature in the same child’s system. General underspecification theory does not allow 
such an option, but the proposed extension, namely ‘shadow-specification’ (Dinnsen, 
1993), would yield precisely the desired effect. In this extended framework, it is only 
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a default feature that can be both specified and underspecified. A phonological 
distinction is thereby achieved between two segments without necessarily introducing 
a phonetic distinction. For example, then, with regard to the default place feature 
[coronal], the phonological difference between an underspecified coronal and a 
shadow-specified coronal would be sufficient to render two segments distinct for 
purposes of a phonological rule such as long-distance place assimilation. The cor- 
onals in (lc) would thus be assumed to be shadow-specified as [coronal], as shown 
in Figure 2b. These shadow-specified coronals would block as a target of assimilation 
while allowing the underspecified coronals to undergo the rule. In words where the 
triggering labial consonant was not present, ( lb)  and (Id), the phonological distinc- 
tion between a shadow-specified and underspecified coronal would be merged phon- 
etically as a result of [coronal] being supplied by default to the underspecified 
segments of ( lb).  By this account there is no ‘process’ of fronting in the conventional 
sense. Ambient velars such as those in (Id) would instead be internalized incorrectly 
by the child as coronals, but coronals that are distinct from ambient underspecified 
coronals (lb).  
The case presented here further supports and elucidates shadow-specification in 
several critical respects. First, shadow-specification was originally motivated based 
on the differential behaviour of phonetically identical segments with regard to non- 
assimilatory phenomena. The range of phenomena exhibiting differential behaviour 
of segments is now being extended to include assimilatory phenomena. Second, 
earlier work has had to assume somewhat arbitrarily which of the two phonetically 
identical segments is shadow-specified and which is underspecified. The observed 
asymmetries associated with what can block or be a target of assimilation do, 
however, provide empirical evidence for the choice. In this particular case it was the 
ambient coronals that were underspecified for place, given that they served as targets 
of assimilation. Those coronals that happened to correspond with ambient velars 
and more importantly blocked assimilation must have been shadow-specified as 
[coronal]. Even more importantly, however, not all ambient velars acted the same, 
and thus not all were shadow-specified. Some ambient velars (le) acted as ambient 
coronals (la) in terms of assimilation and must therefore have been represented in 
the same way, that is, as underspecified. This account entails the claim that the 
ambient velars in ( lc-e) were represented incorrectly (relative to the ambient system) 
by the child at the underlying level. As discussed above, any account must make 
this assumption about at least the forms in (le). WhiIe the underspecified representa- 
tions for ( 1 e) can be considered different or incorrect relative to the ambient system, 
they did not contradict any properties of that system. That is, all of their underlyingly 
specified features were a subset of the features for both coronals and velars. The 
forms in (lc) and (Id) were incorrect in a different sense. That is, while the 
specification of [coronal] for these forms was in conflict with the ambient [dorsal] 
place feature, this at least approached correctness in that it yielded a representation 
that was distinct from those in (la). That specification was moreover compatible 
with the child’s production facts. 
These different degrees of incorrectness among the underlying representations 
may have been a consequence of blow this child’s place contrasts evolved. That is, 
at an earlier stage of development, this child might not have distinguished ambient 
coronals and velars in any way, having underspecified both. The forms in (le) might 
have been remnants of that earlier stage. The shadow-specification of those forms 
in (lc) and (Id) might thus have represented the first phase of acquiring the ambient 
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contrast, even if it was not phonetically implemented as in the ambient system. 
Whatever the actual course of development, the contrast must have diffused gradually 
through the lexicon in order to have resulted in the differential behaviour of ambient 
velars (lc) and (le). 
The particular interaction of the two error patterns in this case revealed that 
coronals were differentiated underlyingly and that it was the coronals corresponding 
to velars that could block assimilation. Shadow-specification was thus limited to 
segments that were the product of the fronting error pattern. The question can be 
raised whether these blocking effects (and thus shadow-specification) can also obtain 
in sounds that are produced correctly. In the following section these same two error 
patterns will be shown to have interacted in a way that required an underlying 
distinction, but where the product of one error pattern was the target of the other. 
Case study 2 
Fronting and long-distance place assimilation also co-occurred in the speech of 
another phonologically disordered child, Subject L.P. (age 3;5).’ This child was 
selected from a similar but independent archival study of children with functional 
speech disorders. Many of the children’s phonologies from that study have been 
described elsewhere (e.g. Gierut, 1985, 1994; Gierut, Simmerman and Neumann, 
1994). Velars were excluded from the inventory and were replaced by coronals, as 
shown in (4). This resulted in a superficial merger of a place contrast inasmuch as 
ambient coronals and velars were produced as coronals. 
(4) Velars replaced by coronals (fronting) (Subject L.P., age 3 3 )  
[dou?] ‘coat’ [de~t] ‘gate’ 
[dd3] ‘colour’ [did] ‘catch’ 
[dzedr?] ‘cracker’ [dam] ‘tiger’ 
While velars were generally replaced by coronals, they were also replaced by 
labials under other circumstances, i.e. only when a labial consonant occurred else- 
where in the word, suggestive of assimilation. The data in ( 5 )  illustrate some of the 
conditions on this child’s process of long-distance place assimilation. In (5a), an 
ambient velar was replaced by a labial when a labial consonant preceded or followed. 
Velars were thus possible targets of assimilation in this case. The ambient coronals 
in (5b), however, were realized with the appropriate coronal place of articulation 
even though a labial consonant occurred in the word. These coronals resisted 
assimilation. Finally, in (5c), we see that some ambient coronals were subject to 
assimilation. 
( 5 )  Place assimilation (Subject L.P., age 3;5) 
(a) Velars replaced by labials when labial occurred elsewhere in the word 
[bnbi] ‘gum’ (dim.) [bAbi] ‘cup’ (dim.) 
[ bamba] ‘camera’ [bubi] ‘book’ (dim.) 
[ babi] ‘baggie’ [b~bi] ‘piggie’ 
Because this child’s data were from another database where he was coincidentally identified 
as Subject 18, this child is arbitrarily being identified as L.P. 
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(b) Coronals blocked as targets of assimilation 
[d3mbi] ’Tommy’ [drbi] ‘zipping’ 
[dupi] ‘soupy’ [doubi] ‘soapy’ 
[ban] ‘van’ [bise?nou] ‘piano’ 
Some ambient coronals targeted for assimilation 
[barbi] ‘biting’ [ babi] ‘tub’ (dim.) 
[ bambi] ‘thumb’ (dim.) [ biba] ‘zebra’ 
[bab~?] ‘button’ [ b3bab31nI ‘valentine’ 
(c) 
The two case studies presented here were similar in several respects, but they 
differed in terms of what the primary target of assimilation was. To account for the 
facts of this case, and how they differ from the prior case, two possibilities are 
considered. One possibility might be that the formulation of the place assimilation 
rule was different in the two cases. That is, in the case of Subject L.P., the assimilation 
rule would be stipulatively restricted to velar targets (and in the case of Subject 18 
to coronal targets). This account encounters several difficulties. First, it would 
require the postulation of some velars underlyingly in at least (5a), despite the fact 
that velars never occurred phonetically in these or any other words. Also, in order 
for those ambient coronals in (5c) to be targets of assimilation, it would be necessary 
to postulate them as velars underlyingly. It is difficult to see what would h,ave 
motivated this child to make such an assumption since these coronals were never 
realized as velars in the ambient system. Additionally, the nature of the assimilation 
rule would have to be different from other assimilations, i.e. feature-changing (or 
possibly spreading with subsequent delinking of the [dorsal] feature). Also, the 
specified nature of the target in this account would be in conflict with the underspeci- 
fied targets of other assimilatory processes. Even if these difficulties were overlooked, 
this account cannot maintain ambient-like underlying representations for all words 
in this child’s system. 
Some of the assumptions of this faulty account are explicated in the sample 
derivations in (6). In (6a), place assimilation would apply to the underlying velar, 
changing it to a labial in accord with the following labial consonant. Fronting would 
be bled by the prior application of place assimilation. If fronting had applied first, 
it would have incorrectly bled place assimilation. In (6b), neither place assimilation 
nor fronting is applicable since there are no velars in the underlying representation 
of forms such as those in (5b). In (6c), an ambient coronal is postulated to be a 
velar underlyingly in order to be a target of place assimilation. Finally, in (6d), an 
underlying velar is postulated, but place assimilation cannot apply because a trig- 
gering labial consonant is not present. Fronting would then apply to convert the 
underlying velar to a phonetic coronal. 
(6) Sample derivations 
(a) /kAp + i/ ‘cup’ (dim.) 
babi place assimilation3 
- fronting 
[babi] 
Voicing errors are irrelevant to the point at hand. 
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(b) /soup+i/ 
- 
- 
[doubiI4 
(c) /kAb+i/ 
bAbi 
[ b ~ b i ]  
- 
‘soapy’ 
place assimilation 
fronting 
‘tub’ (dim .) 
place assimilation 
fronting 
‘gate’ 
place assimilation 
fronting 
An alternative account (sketched in Figure 3) is available which avoids the 
abstractness concerns noted above and is wholly consistent with the characterization 
of other assimilatory phenomena. First, since ambient velars served as targets of 
assimilation, they acted as if they were underspecified for place. If velars were 
assumed to be underspecified in this child’s system, the feature [coronal] would be 
supplied by default, accounting for the error pattern in (4). Additionally, when 
these same underspecified segments occurred in words with a labial consonant (as 
in Figure 3a), the very same place assimilation rule found in Subject 18’s system 
would spread the specified [labial] feature to the underspecified target, accounting 
for the forms in (5a). The coronals in (5b), which resisted assimilation, acted as 
blockers of assimilation, i.e. as if they were specified for place. Since these assimila- 
tion-resistant coronals appeared phonetically as coronals, a more concrete assump- 
tion (consistent with the child’s production facts) would be that they were shadow- 
specified underlyingly for the default feature [coronal] (as in Figure 3b). An under- 
lying distinction between underspecified and shadow-specified segments would thus 
be introduced, accounting for the differential behaviour in (5a) and (5b). For the 
most part this distinction coincided with the ambient distinction, although the 
substance of the distinction was different. The few cases where an ambient coronal 
did undergo place assimilation as in (Sc) would appear to include segments that 
were underspecified for place (as in Figure 3c). The claim would be that this child 
did not differentiate the ambient coronals of these words in (5c) from the ambient 
velars of the words in (5a). This certainly seems plausible if, at an earlier stage of 
development, ambient coronals and velars were not phonologically differentiated by 
this child. The forms in (5c) might then have been remnants of that earlier stage. 
The account argued for in the case of Subject L.P. employed all the same 
principles and constructs required for Subject 18. That is, underlying representations 
were radically underspecified and shadow-specified for the place feature [coronal]. 
The same rule of long-distance place assimilation spread a specified [labial] feature 
to a target that was underspecified for place. The feature [coronal] was filled in by 
default. The only difference of concern was the class of segments that were shadow- 
specified. In the case of Subject 18, the shadow-specified segments (partially) corre- 
4This child repfaced many fricatives with stops, but this error pattern is not relevant to 
the issue. 
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c v c  
I 
[labial J 
(a> 
Root r v r  
I Place Rr 
Place 
(b) 
c v c  
I I 
=J  
Root Root 
\ 
Place 
[labial] 
Figure 3. Account of place assirnilusion asymmetries: ( a )  ambient velars which are underspeci- 
Jied for place are targets of regressive place assimilation; (b )  ambient coronals which 
are shadow-specified block as targets of assimilation; ( c )  those ambient coronals 
which are underspecified for place are targets of assimilation. 
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sponded with ambient velars, and in the case of Subject L.P. they corresponded 
with coronals. In both cases, however, the correspondence was not across-the-board. 
It does not appear to be possible to predict a priori which of two classes will be 
shadow-specified. However, through interacting error patterns of the sort considered 
here, it was possible to determine on empirical grounds precisely which (if any) 
segments were shadow-specified. The fact that shadow-specified segments in L.P.’s 
system corresponded with ambient coronals had the effect of allowing ambient velars 
to be underspecified and thus targets of assimilation. In this case, then, the product 
of the fronting error pattern was able to be the target of the other error pattern. 
Importantly, however, in this case (and the other case), place assimilation still had 
to be blocked from applying to certain other segments. The end-result in the two 
case studies was that, at least with respect to place assimilation, the product of the 
fronting error pattern acted differently from the ambient coronals with which they 
were merged. 
Case study 3 
The particular interaction of the fronting and place assimilation error patterns 
observed in the above two case studies required an underlying distinction between 
ambient coronals and velars, although the substance of that distinction was different 
from that of the ambient system. That interaction exemplified only one of the two 
logically possible ways in which these errm patterns might have interacted. The 
other logical possibility is for the product of fronting to act phonologically the same 
as the coronals with which they are merged. In other words, in cases where velars 
are excluded and replaced by coronals, can place assimilation apply equally to 
coronals that correspond to both coronals and velars? If place assimilation can 
apply to both in some children’s systems, then it would suggest that ambient coronals 
and velars are represented the same underlyingly by those children, i.e. as 
underspecified. 
Donahue (1986) reported the case of a normally developing child, Sean, who at 
age 1;3-- 1;6 can be seen from the forms in (7) to have exhibited a crucial interaction 
between the fronting and place assimilation error patterns. The forms in (7a) show 
that Sean excluded velars from the phonetic inventory, replacing them with coronals. 
Additionally, at that same point in time, the child evidenced a process of long- 
distance place assimilation (progressive and regressive). This error pattern replaced 
coronals (including those that corresponded with ambient velars) with a labial when 
a labial occurred elsewhere in the word. The data in (7b) and (7c) illustrate the lack 
of a differentiation between ambient coronals and velars with respect to place 
assimilation. 
(7) Sean, age 1;3-1;6 (Donahue, 1986) 
(a) Ambient velars replaced by coronals 
[titi] ‘cookie’ [dnt] ‘duck’ 
[d~di]  ‘dog’ [titat] ‘tick-tock’ 
[titi] ‘Katie’ [dot] ‘coat’ 
(b) Ambient coronals targeted for place assimilation 
[Pap1 ‘top’ [ bami J ‘Tommy’ 
[pop] ‘soap’ [mIpal] ‘nipple’ 
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[ babal] ‘bottle’ [pum] ‘spoon’ 
(c) Ambient velars targeted for place assimilation 
[bhp] ‘cup’ [bup] ‘book’ 
[b~p]  ‘big’ [b~pap] ‘bucket’ 
An underspecification account of these facts would employ the same place 
assimilation rule required for the other cases considered here. The only difference 
would be in the nature of this child’s underlying representations. More specifically, 
the fact that Sean’s ambient coronals and velars acted the same, both serving as 
targets of assimilation, suggests that both were underspecified for place. The [labial] 
feature was then free to spread to both. In those words with no labial consonant 
(7a), the fronting error pattern would derive from a lack of a place distinction at 
the underlying level of representation with the feature [coronal] filled in by default. 
Sean’s phonology thus differed from the other two only by having one fewer place 
distinction and thus one fewer specified place feature available to block assimilation. 
Something similar to this account was hypothesized at an earlier stage of develop- 
ment for Subjects 18 and L.P. Recall in those cases that a few forms (especially (le) 
and (5c), respectively) might have been expected to bIock as targets of assimilation, 
but did in fact undergo the rule. This lack of differentiation between two different 
ambient sounds suggested that the place contrast had not yet extended to those 
words, and that the children’s underlying representations evolved by becoming more 
specified over time. If this is correct we might have expected Sean at a subsequent 
phase of development to have introduced a place contrast of some sort (either 
through shadow-specification or specification of [dorsal]) that would cause some 
segments to block as targets of assimilation. Precisely this occurred. Donahue noted 
(1986: 214) that velars came into the system between the ages 1;6 and 1;lO. Those 
velars blocked as targets of assimilation, while coronals continued to undergo the 
rule. The introduction of velars did not, however, occur across-the-board. Some 
ambient velars continued to be produced as coronals and/or served as targets of 
assimilation. This suggests that those words remained underspecified for place. The 
velars that did appear also served as a trigger of assimilation, further suggesting 
that those items incorporated a specification for place at that stage. This subsequent 
phase of development was typical of what has been documented for many other 
normally developing and phonologically disordered children (e.g. Chin, 1993; 
Cruttenden, 1978; Ferguson et al., 1973; Menn, 1971; Smith, 1973). Quite possibly 
all the cited cases (including our Subjects 18 and L.P.) evolved from a system such 
as Sean’s early phase where there was no underlying distinction between coronals 
and velars with place thus being underspecified for these segments. The next stage 
would then have introduced a place contrast, although not necessarily the ambient 
place contrast and not necessarily in all words. The data presented for Subjects 18 
and L.P. reflected this development with the introduction of shadow-specification. 
Such a stage is one possible (but not necessary) intermediate step towards the 
acquisition of the ambient place contrast. For example, while Sean showed no 
evidence of an intervening stage involving shadow-specification, his acquisition of 
velars was similar to that of Subject 18, who at a subsequent point in time added 
only a few velars with a corresponding reduction of the two error  pattern^.^ 
These data were collected 12 months after the initial analysis immediately following treatment 
on three sounds, including the targets of assimilation. Comparable longitudinal data for 
Subject L.P. were not available due to subject attrition. 
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Sean’s early stage of development thus exemplified one of the other logically 
possible interactions of these two error patterns. In this particular interaction the 
product of one error pattern (fronting) was phonologically and phonetically indistin- 
guishable from the segments with which it was merged, and was the target of another 
error pattern (place assimilation). The other interactions exemplified by Subjects I8 
and L.P. also involved a phonetic merger, but in those cases the product of the 
error pattern acted differently, motivating an underlying distinction between under- 
specified and shadow-specified segments. 
Conclusion 
The various potential interactions of the two error patterns, fronting and place 
assimilation, were all shown to occur in the course of acquisition. A unified account 
of the interactions was unavailable when these children’s underlying representations 
were assumed to be entirely ambient-like and static over time. On the other hand, 
when children’s underlying representations were considered to evolve over time, 
departing from those of the ambient system by being underspecified or shadow- 
specified, a unified account was available which employed a single invariant rule of 
long-distance place assimilation. The superficial differences among the interactions 
followed from differences in the degree and substance of specifications in underlying 
representations. The particular interactions involving blocking effects (Subjects 18 
and L.P.) further supported shadow-specification as an extension of underspecifica- 
tion theory. While our focus was on production facts and representations motivated 
by such facts, appeal to shadow-specification offers a possible solution to a problem 
alluded to at the beginning of this paper, namely how to account for the fact that 
some children appear to perceive ambient contrasts that they themselves do not 
produce. The phonological distinction between underspecified and shadow-specified 
representations accords with a child’s perceptual judgement that two ambient sounds 
are different, but that phonological distinction would not necessarily result in a 
phonetic difference. This result is achieved without having to posit segment-types 
that do not occur phonetically or a dual lexicon that separates perception from 
production. 
While the phenomena considered here were accounted for within a conventional 
derivational theory, it is expected that many of the arguments and conclusions would 
hold as well for a constraint-based theory such as optimality theory (Prince and 
Smolensky, 1993). For example, each of the two error patterns might be achieved 
by ranking certain markedness constraints more highly than faithfulness constraints, 
as in Gnanadesikan ( 1995). Additionally, the particular error pattern of long- 
distance place assimilation would probably be attributed to a highly ranked con- 
straint which aligns the Place node, as in Goad (1996). The observed individual 
differences and interactions of these two error patterns are, however, theoretically 
more challenging. Within this theoretical framework, individual differences must be 
attributed to differences in the ranking of constraints and/or to differences in the 
nature of the inputs (underlying representations). If children’s inputs are assumed 
to be ambient-like and uniform across children, differences would have to be attrib- 
uted to different constraint rankings. While this might initially seem plausible as a 
characterization of differences across children, it is unclear whether such an assump- 
tion would allow for a non-paradoxical ranking of constraints within an individual 
child’s system. Recall, for example, the ordering paradox that obtained in the case 
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of Subject 18 where a particular ambient sound in some words could undergo 
assimilation but the same ambient sound in other words could not. This differential 
behaviour of the same ambient sound leaves differences in input representations as 
the more likely source of variation in the interaction of these error patterns. At the 
very least, then, some of these children’s inputs must be permitted to differ from 
those of the ambient system. It remains to be determined whether such a framework 
would also allow those inputs to differ by being underspecified and shadow-specified 
as outlined above. If, however, underlying representations were recognized to differ 
within and across children in this way, faithfulness constraints could remain highly 
ranked (as in fully developed systems) with the observed developmental changes 
being attributable to changes and differences in the input representations. See Inkelas 
(1994) for arguments for the necessity of underspecification within optimality theory 
and Dinnsen (1996) for arguments for underspecification theory as an account of 
other acquisition phenomena. 
The error patterns considered here are just two of several others with similar 
potential interactions. Any non-assimilatory substitution could yield a product that 
is a potential target of an assimilatory rule. For example, then, an error pattern that 
replaced a fricative with a stop (stopping) or replaced a liquid with a glide (gliding) 
would merge an ambient manner contrast. The product of those mergers in turn 
would be a potential target of a rule that spread some specified manner feature. The 
issue then in the case of a stopping error pattern, for example, would be whether 
stops corresponding to fricatives acted the same as other stops with regard to a 
process of manner assimilation. Several such cases involving manner features have 
been identified with interactions and blocking effects similar to those observed in 
this paper (Dinnsen, 1995). The documentation of these and other cases further 
informs our understanding of the occurring range of variation and of the theoretical 
machinery needed to account for that variation. 
Aside from their theoretical implications, these phenomena also offer some insight 
into the course of acquisition, which in turn may be useful clinically for assessment, 
treatment, and the projection of learning. As we have seen, the fronting and place 
assimilation error patterns can co-occur in normally developing and phonologically 
disordered systems. The different interactions of these error patterns are suggestive 
of at least two different stages of phonological development. Each stage makes a 
different claim about what a child knows and has yet to learn. An interaction such 
as that in the case of Sean, where place assimilation targeted all coronals (even those 
that were the product of fronting), would appear to represent an early stage of 
development. In such cases the child’s production facts fail to distinguish ambient 
coronals from velars, rendering them both equally vulnerable to error by place 
assimilation. The occurrence of these same effects in a phonologically disordered 
system could indicate that the child is unaware (at least for purposes of production 
and possibly for perception as well) of an ambient place contrast among non-labial 
consonants. To bring the child’s system into conformity with the ambient system it 
may be necessary to explicitly teach the distinction between coronals and velars, 
possibly by means of minimal pair treatment with a focus on both production and 
perception (Weiner, 1981). While Sean (a normally developing child) spontaneously 
acquired the ambient place distinction, it should be noted that the contrast was not 
acquired across-the-board. Some words continued to be produced in error. The fact 
that velars were introduced appropriately in only some words is further evidence that 
Sean’s underlying representations were non-ambient-like prior to the change. Thus, 
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if a phonologically disordered child of this type were taught the place distinction, 
we might expect that child to also show similar effects of lexical diffusion. Such 
cases may thus require additional treatment on specific lexical items. 
An intermediate stage of development is suggested by those cases (such as 
Subjects 18 and L.P.) where the two error patterns interacted such that place 
assimilation targeted only some coronals. When the production facts show segments 
to behave differently in accord with an ambient distinction, it is fair to conclude 
that the child has internalized an underlying distinction of some kind. Even if the 
distinction were not internalized exactly as in the ambient system, the presence of a 
distinction would seem to represent an advance over some other stage of development 
that is missing the contrast. Also, this internalized distinction may be sufficient to 
account for a child’s presumed ability to perceptually differentiate ambient coronals 
and velars. From a clinical perspective the assessment of an intermediate stage 
should be important because the learning task that confronts children at different 
stages should presumably be different. In this particular intermediate stage the child 
must learn to phonetically implement his/her existing phonological contrast in a 
way that conforms with the phonetic properties of the ambient system. In the other 
case (i.e. an earlier stage of development) the child must learn something more, that 
there is a contrast and that it is implemented in a particular way. The relative ease/ 
difficulty of these two learning tasks has not yet been determined. Some possible 
parallels may, however, be available from the learning patterns of other phonolo- 
gically disordered children who exhibited somewhat different error pattearns. 
Consider, for example, those cases of presumed phonemic mergers where fine-grained 
acoustic analyses have revealed subtle but systematic phonetic differences in accord 
with the ambient distinction (e.g. Forrest, Weismer, Hodge, Dinnsen and Elbert, 
1990; Tyler, Edwards and Saxman, 1990). In these cases the children maintained an 
ambient distinction phonetically and phonemically, but in a non-ambient fashion. 
The results further showed that the appropriate ambient contrast was acquired either 
spontaneously or with minimal clinical treatment. Other children who showed no 
evidence of differentiation (acoustically and phonologically) evidenced greater diffi- 
culty in acquiring the appropriate implementation of the ambient contrast. In another 
series of studies (Dinnsen and Elbert, 1984; Gierut, 1985), learning was found to 
positively correlate with the nature of children’s underlying representations. When 
treatment was focused on errors attributable to ambient-like underlying representa- 
tions, relatively high levels of success were achieved in remediating those errors. In 
some instances these errors were eliminated without direct treatment. One unifying 
conclusion from these various studies is that a child’s underlying knowledge of 
contrasts (as determined from production data) contributes to the elimination of 
errors. Subjects 18 and L.P. evidenced some knowledge of an underlying contrast 
as revealed through the interaction of their error patterns. That knowledge appar- 
ently did not extend to the level of phonetic implementation.6 Nevertheless, while 
such knowledge may not have conformed in substance with the ambient contrast, 
61n the absence of acoustic measures, we cannot be certain that there was no phonetic 
difference between the coronals that corresponded with ambient coronals and velars. Even if 
acoustic analyses had been completed, a finding o f  no difference must be regarded with 
caution. Differences may have existed in other measures that were not considered. Whatever 
the ultimate phonetic facts, an underlying phonological distinction can be motivated based 
solely on the particular interaction of these two error patterns. 
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it might still be expected that this partial knowledge would facilitate the elimination 
of such errors. Consequently, little or no treatment may be needed in such cases. 
Also, since the nature of the problem is different in this intermediate stage (i.e. a 
problem of phonetic implementation), some form of treatment focusing on produc- 
tion (rather than perception) may be more appropriate. While an experimental 
evaluation of these hypotheses awaits testing, having identified the empirical charac- 
teristics of these presumed stages allows such hypotheses to be entertained with 
some promise. 
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